Purpose: to study the outcomes of combined cataract extraction with pars plana vitrectomy (PPV) and metallic intraocular foreign body (ioFB) removal through a sclerocorneal tunnel using the "magnetic handshake" technique.
the route by which the ioFB should be removed depends on its size and volume.
9 small and medium-sized ioFBs are normally removed through the sclerotomy. 9 However, the wound needs to be enlarged. this is associated with complications like hypotony, vitreous incarceration, and retinal detachment.
10,11 large ioFBs greater than 4.0 × 4.0 × 4.0 mm cannot be removed through the sclerotomy and need to be removed through the scleral tunnel by sacrificing the lens. 9 the incidence of traumatic cataract in cases of open globe injury and retained ioFB is 45%.
12,13 despite advances in microsurgical techniques, management of these cases is challenging. Various studies have shown good results with primary cataract extraction, ioFB removal, and intraocular lens (iol) implantation.
14-16 cataract extraction has been performed by lensectomy, 17, 18 manual small-incision cataract surgery, 19 and phacoemulsification. the ioFB has been removed by intraocular forceps through the scleral tunnel 19 or by enlarging the sclerotomy wound. 20,21 the advantages of this combined procedure are better visualization of the posterior segment during vitrectomy and early visual rehabilitation of the patients.
in this study we describe the outcomes of removing ioFB through the sclerocorneal tunnel in patients with open globe injury, traumatic cataract, and metallic ioFB using the modified "magnet handshake" technique. materials and methods a retrospective review of hospital records between 2010 and 2016 was performed. consent was obtained from the institutional review board. Fourteen patients with open globe injury, traumatic cataract, and metallic ioFBs were included. in every case a complete preoperative eye examination was carried out. the presence of ioFB was confirmed using B-scan ultrasonography and plain X-ray of the orbit in cases where cataract prevented the direct visualization of ioFB. at each follow-up visit, slit-lamp examination, indirect ophthalmoscopy, intraocular pressure (ioP) with applanation tonometry, and best corrected visual acuity (BcVa) were performed. surgical technique corneal wound repair was done in 8 (57.14%) of the 14 patients (Fig. 1) ; 1 patient needed scleral tear suturing. in 5 (35.71%) other patients the corneal wound was self-sealing. all corneal wounds were linear and singular.
in all patients a 6-mm triplanar sclerocorneal tunnel was made. the tunnel was made 2 mm from the limbus in the superior quadrant. Phacoemulsification or lens aspiration was performed through the tunnel by an anterior segment surgeon (Fig. 2) . Except for 1 patient with scleral tear, both anterior and posterior capsule rupture, along with traumatic cataract, were present in all figure 1. A case of penetrating injury. Primary corneal repair was done.
figure 2. Construction of sclerocorneal tunnel.
figure 3. "Magnet handshake" technique.
figure 4. Measuring size of IOFB (6 mm).
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patients. care was taken to create good anterior continuous circular capsulorrhexis (ccc). Vitrectomy cutter was used to smoothen or enlarge the irregular posterior capsular tear. Pars plana vitrectomy and ioFB removal was done by a single retinal surgeon (P.d.) using the "magnet handshake" technique (Fig. 3) . standard 3-port PPV with 23-gauge infusion port and handheld light source was combined with 20-gauge vitrectomy port. core vitrectomy was combined with 360-degree scleral indentation and removal of vitreous debris. Posterior vitreous detachment was induced using active suction in patients when not present.
Foreign body was identified and freed from surrounding vitreous. an ioM was introduced through the 20-gauge vitrectomy port. the metallic ioFB was lifted through the posterior capsule defect to the iris plane. a second ioM was introduced through the scleral tunnel. the ioFB was transferred from one ioM to another in a "magnet handshake" manner and delivered outside the eye through the scleral tunnel. there was no slippage of the metallic ioFB into the vitreous, though at times clasping of both the ioMs occurred. However, the magnets could be easily separated without slippage of the ioFB. Hence, care was taken to touch only the ioFB and not the second ioM, to prevent the magnets from clasping together.
Endolaser was applied in patients with retinal tears at the site of foreign body impact. silicone oil was used as tamponade in 2 patients with preoperative retinal detachment (rd) and choroidal detachment (cd). none of the patients underwent 360-degree silicone buckle. Endophthalmitis was present in 1 (7.14%) patient preoperatively. this patient was given intravitreal antibiotics intraoperatively after removal of ioFB. none of the patients developed postoperative endophthalmitis.
nine patients underwent primary iol implantation. after removal of ioFB, 3-piece polymethylmethacrylate (PMMa) iol with 6-mm optic was placed in the sulcus over the anterior capsular rim.
after removal of ioFB, its size was measured using a ruler (Fig. 4) . Postoperatively all patients received tablet ciprofloxacin 500 mg twice daily for 5 days. topical antibiotics, steroids, and cycloplegics were given in tapering doses for 4 weeks. systemic steroids were given in patients with severe inflammation. Followup duration ranged from 4 to 48 months with a median of 12 months.
there were no intraoperative complications. Early postoperative complications (within 1 month after surgery) included corneal edema, fibrinous reaction in anterior chamber, and raised ioP. late postoperative complications (after 1 month of surgery) included raised ioP, phthisis bulbi, and rd. results the details of all the cases are summarized in table 1. all the patients were males with a mean age of 33.04 ± 11.68 years (range, 15-55 years). The elapsed time between injury and IOFB removal ranged from 1 to 334 days. twelve (85.71%) out of the 14 cases presented within 10 days of injury. two cases presented at 300 and 360 days after trauma. the average time elapsed between injury and presentation excluding these 2 cases was 3.75 ± 2.86 days. Follow-up duration ranged from 4 to 48 months, with a median of 12 months (table 2) .
Entry site was corneal in 13 (92.85%) patients and scleral in 1 patient. the patient with scleral tear did not have a traumatic cataract. the size of ioFB was 9 mm in this patient. Hence, clear lens aspiration and removal of ioFB by the "magnet handshake" technique through the sclerocorneal tunnel was done. at presentation 6 (42.84%) patients showed uveal prolapse, whereas 3 (21.42%) patients had iris defect (table 3) .
the average size of ioFB in our study was 4.42 ± 2.56 mm (range, 1 mm to 9 mm). small ioFBs were present in 2 (14.30%) patients, medium-sized ioFBs in 2 (14.30%), and 10 (71.42%) patients had large sized IOFBs (≥3 mm). Out of 10 patients with large ioFBs, 6 (60%) patients had ioFB of 3 to 5 mm, 2 (20%) patients had ioFB of 5 to 7 mm, and 2 (20%) patients had ioFB of 7 to 9 mm (table 4) and 20/80 in 1 (10%) patient, and counting fingers at 3 m or less in 2 (20%) patients.
Both our patients with poor visual outcomes had large ioFBs. Both these patients had rd with cd at the time of presentation. silicone oil tamponade was used in these patients. one of these 2 patients developed phthisis bulbi after surgery and did not undergo further surgical intervention. the other patient developed postoperative rd after 1 month due to retinal fibrosis and reopening of old inferior retinal tear. surgical reintervention included vitrectomy, endophotocoagulation, and silicone oil (5000 centistokes) tamponade. although the retina was attached at final follow-up, visual improvement was poor.
two (14.28%) patients developed increased ioP, which was controlled by a single topical medication. siderosis bulbi was seen in 2 (14.28%) patients, who had duration of ioFB for 9 and 11 months, respectively. in our study, primary iol implantation was done in 9 (64.25%) patients. three (21.45%) patients underwent secondary iol implantation in the sulcus, whereas 2 (14.30%) patients were left aphakic at last follow-up (table 5) .
there were no intraoperative complications. Early postoperative complications included corneal edema in 3 patients (21.42%), fibrin membrane in 6 (42.85%), and raised ioP in 4 (28.57%) patients. late postoperative complications included raised ioP in 2 (14.28%) patients, phthisis bulbi in 1 (7.14%) patient, and rd in 1 (7.14%) patient (table 5) .
Final BcVa of 20/60 or better was noted in 10 (71.42%) patients; 2 (14.28%) patients had final BcVa 20/200 to 20/80 and 2 (14.28%) patients had final BcVa less than 20/200 (table 6). Primary anatomical success was achieved in 12 (85.71%) patients. Final reattachment with more than 1 surgery was achieved in 13 (92.85%) patients. discussion in our retrospective case series of traumatic cataract and metallic ioFB, we have combined cataract extraction with vitrectomy. intraocular foreign bodies were removed through the sclerocorneal tunnel using 2 ioMs introduced through the 20-gauge vitrectomy port and sclerocorneal tunnel. this combined procedure not only aided in removing the traumatic cataract but also helped in removing ioFBs of all size through the sclerocorneal tunnel, without the need to enlarge the sclerotomy wound. irregular posterior capsule tear can occur while removing a large ioFB. Hence, in these cases it is important to create good anterior ccc for implantation of an iol.
Various studies have described phacoemulsification of traumatic cataract and removal of metallic ioFB through the limbal route.
8,22 singh et al 22 inserted 20-gauge diamond-coated ioFB forceps through the limbal wound and metallic ioFB was grasped along its longest dimension and removed through the limbal port. in a study conducted by Mahapatra et al, 19 magnetic ioFBs were lifted to the pupillary plane using an ioM and then forceps were used to grasp the ioFB and remove it through the sclerocorneal tunnel.
19
Extraction of long, smooth ioFB by phacoemulsification and through small corneal incisions has also been reported. 8, 18, 23 However, removing large irregular ioFB through the corneal wound can result in irregular astigmatism, poor wound healing, and increased loss of endothelial cells.
24
Various studies in the literature also describe phacoemulsification of traumatic cataract and removal of ioFB through the enlarged sclerotomy wound. 6, 14, 16, 21 yuksel et al, 6 in 47.2% of their cases, combined 23-gauge vitrectomy, phacoemulsification, and removal of ioFB through the enlarged sclerotomy into a "t" or "l" shaped wound.
We have modified this technique of removing ioFBs through the sclerocorneal tunnel by using a second magnet in a handshake manner. the second ioM helps in holding and delivering the ioFB safely outside the tunnel. in this study the average size of ioFB was 4.42 mm. Foreign body forceps is usually adequate enough to hold IOFBs of the average size of 4-5 mm. However, our technique can be preferred for this size of ioFB, as it will prevent slippage and is safe. this technique may be especially useful in cases of large irregular ioFB, of more than 5 mm, as the forceps may not be adequate enough to hold the ioFB. in our patients, risk factors determining the final visual prognosis were mainly poor presenting visual acuity, large size of ioFB, and preoperative presence of rd and cd. in this series, large ioFBs were present in 71.4% of patients. several studies have shown poor visual prognosis associated with large ioFBs.
8,14,15 a large ioFB can enter the eye with high velocity and cause severe injury at presentation.
11 another important cause of poor visual outcome is the trauma occurring to the ocular structures while removing a large ioFB through the enlarged sclerotomy port.
25-27 although all patients in our study who had poor final BcVa of less than 20/200 had injury with large ioFB, good final BcVa of 20/60 or better was achieved in a majority (70%) of patients with large ioFB with our technique.
Preoperatively, rd and cd were present in 2 (14.28%) patients who were injured by large ioFB. Postoperatively, 1 of these case developed rd, whereas the other developed phthisis bulbi. Both these patients had poor surgical and visual outcomes. in a study conducted by Wani et al, 11 preoperative rd was present in 17.5% patients with ioFB. they found the presence of preoperative rd to be a crucial factor for development of postoperative rd and predictor of poor visual outcome.
11 chiquet et al 26 similarly reported poor final visual acuity (Va) of less than 20/400 in 75% of patients having rd at presentation. Hence, we feel an aggressive approach in the presence of these risk factors is needed to improve visual outcome.
Various studies have shown good results with primary iol implantation with ioFB removal. it provides early visual rehabilitation and avoids a second intervention.
14-16 We deferred primary iol implantation in cases with severe ocular injury at presentation (eg, rd, cd, inadequate zonular/capsular support) and in cases where we anticipated a second vitreoretinal surgery. these patients underwent secondary iol implantation at a later date, upon stabilization of their eye condition. However, we feel ioFB removal with phacoemulsification and primary iol implantation is a good option in less severe cases without rd, cd, and endophthalmitis at presentation.
Final BcVa of 20/60 or better was achieved in 78.57% of our patients. this success rate is comparable to the other studies that have performed simultaneous phacoemulsification, PPV, ioFB extraction through sclerotomy 1, 14, 16 or sclerocorneal tunnel, 19, 22 and iol implantation. anatomical success, defined as attached retina at last visit, was achieved in 92.85% of the patients. Mahapatra et al 19 reported visual acuity of 20/20 to 20/60 in 13 of the 17 cases (76.47%) who underwent PPV and ioFB removal through the sclerocorneal tunnel combined with sulcusfixated iol. these results are similar to our current study. Batman et al 1 reported visual acuity of 20/200 or better in 13 of 17 patients (76%) in their study of combined clear corneal phacoemulsification, PPV, ioFB extraction, and iol implantation. We also noted similar visual outcomes in our study. tyagi et al 16 similarly reported BcVa of better or equal to 20/60 in 80% of their cases who underwent removal of ioFB with cataract extraction.
the strength of the present study is that PPV and ioFB removal by the "magnet handshake" technique in all the cases were conducted by a single vitreoretinal surgeon. the study has a good mean follow-up duration of 15.7 months. to the best of our knowledge, this is the first case series describing the "magnet handshake" technique and its visual outcomes. the limitations of our study include its retrospective design and modest sample size. the reason for the small sample size is the low incidence of ioFB with traumatic cataract.
in conclusion, good visual and anatomical results were achieved in our patients by combining cataract extraction and ioFB removal through the sclerocorneal tunnel by the "magnet handshake" technique. it can be a preferred technique for removal of large metallic ioFBs associated with traumatic cataract. it would also be desirable to remove medium-sized ioFB by this route, as it avoids enlarging the sclerotomy port. We found it was preferable to remove ioFB through the sclerocorneal tunnel, rather than through the sclerotomy, irrespective of the size of the ioFB. 
